The Higgs boson pair production process at hadron collider provides an opportunity for performing a study of the trilinear Higgs boson self-coupling. In this paper, we analyze the pair production of a neutral Higgs boson via both gluon-gluon and b-b fusions in the littlest Higgs (LH) model at the CERN LHC. We find that in some parameter space the relative corrections of the total cross section to the SM prediction may reach a value of 24% when x (= 4f v ′ /v 2 ) = 0.95 at the LHC. We conclude that if the parameter x has a value above 0.8, the relative corrections contributed by the LH model reach values beyond 8% and can be observed at the LHC.
Introduction
The standard model(SM) [1, 2] theory has been proved by all existing precise experimental data with its theoretical predictions beyond one-loop level being coincident with experimental observations. But in the SM the Higgs boson mass suffers from an instability under radiative corrections. This "hierarchy problem" motivates much of current research works about new physics beyond the SM. Among the extended models beyond the SM, the little Higgs model offers a very promising solution to the hierarchy problem in which the Higgs boson is naturally light as a result of nonlinearly realized symmetry [3] - [8] . The first successful model, which cancels all relevant quadratic divergences based on the pseudo Goldstone idea, was constructed by Arkani-Hamed, Cohen, and Georgi [3] . Then more models were constructed, such as SU (5)/SO(5) [6] , SU (6)/SP (6) [7] , and the minimal moose SU (3) 2 /SU (3) [5] and general moose SU (3) n /SU (3) k [9] . The most economical model of them is the littlest Higgs (LH) model, which is based on an SU (5)/SO(5) nonlinear sigma model [6] . It consists of a SU (5) global symmetry, which is spontaneously broken down to SO(5) by a vacuum condensate f . In the LH model, a set of new heavy gauge bosons (A H , Z H , W H ) and a new heavy-vector-like quark (T ) are introduced which just cancel the quadratic divergence induced by SM gauge boson loops and the top quark loop, respectively.
One of the most important task of present and future experiments is to search for Higgs boson and investigate its properties. Studying the properties of the Higgs potential will reveal details of mass-generation mechanism in spontaneously broken gauge theories, which can be obtained through measuring the Higgs boson self-interactions. Multiple Higgs boson production processes at hadron colliders provide the way to probe the Higgs boson self-interactions. Many works have been contributed to studies of Higgs-pair production at the hadron collider in some traditional models [10] - [13] . The possibility of measuring the Higgs boson self-coupling at the LHC has been investigated by U. Baur, T. Plehn and D. Rainwater [14] . They found that it should be possible at the CERN Large Hadron Collider (LHC) with design luminosity to establish that the SM Higgs boson has nonzero self-coupling and that λ/λ SM can be restricted to a range of 0 − 3.7 at 95% confidence level if its mass is between 150 to 200 GeV. Recently, the LH model contribution to the Higgs decay width was investigated in Refs. [15] and [16] . Dib et al., discussed also the LH model contribution to the process pp → H 0 H 0 + X in Ref. [15] . There they did not consider mixing and interference effects between the SM particles and the new heavy states, and thus they got negligible results of the order of (v/f ) 4 and concluded that the contribution from the LH model to the pair production to the Higgs bosons seems to be unobservable at the LHC [15] . If the interference and mixing effects are included in the analysis, the contribution is at the order (v/f ) 2 and does change obviously the results as compared to the SM prediction in some parameter space [16] .
In this paper we investigate the effect of the LH model on neutral Higgs boson pair production via both gluon and bottom fusions at the CERN Large Hadron Collider (i.e., gg → H 0 H 0 and bb → H 0 H 0 ) at the complete lowest order, considering mixing and interference effects between the SM particles and the new heavy states. The paper is organized as follows. In Sec. 2, we briefly go through the LH model theory. In Sec. 3, we present an analytical evaluation. The numerical results, discussion and a short summary are given in Sec. 4 . Finally we present the relevant Feynman rules in the Appendix.
littlest Higgs model
The littlest Higgs model is based on an SU (5)/SO(5) nonlinear sigma model. At the scale Λ s ∼ 4πf , the vacuum expectation value (VEV) associated with the spontaneous symmetry breaking proportional to the scale f is parameterized by the 5 × 5 symmetry matrix [6] [17]
The VEV breaks the SU (5) global symmetry into its subgroup SO(5) and breaks the
same time, which is identified as the SM electroweak gauge group. The scalar fields are parameterized by
where Π(x) = π a (x)X a is the Goldstone boson matrix. X a are the broken generators of SU (5) which obey the relation
Therefore, the Goldstone boson matrix Π(x) can be expressed as
where
are a doublet and triplet under the unbroken SU (2) L ⊗U (1) Y SM gauge group, respectively.
The leading-order dimension-2 term for the scalar fields Σ(x) in the littlest Higgs model can be written as
It is defined as
respectively. The generators of two SU (2)'s (Q a j ) and two U (1)'s generators (Y j ) are as follows
where σ a (a = 1, 2, 3) are the Pauli matrices. As we expect, the breaking of the gauge 
where λ φ 2 , λ hφh , λ h 4 , λ hφφh , λ h 2 φ 2 , λ φ 2 φ 2 , and λ φ 4 are the coefficients of the original Higgs potential. The coefficients which are concerned in our calculation have the expressions as
By minimizing the Coleman-Weinberg potential, we obtain the vacuum expectation values 
where χ = (b 3 , t 3 ,t), ǫ ijk and ǫ xy are antisymmetric tensors where i, j, k run through 1, 2, 3 and x, y run through 4, 5, and λ 1 and λ 2 are the new model parameters. By expanding the above Lagrangian, we get the physical states of the top quark t and a new heavy-vector-like quark T . The masses of the two physical states are
respectively. Since the top quark mass is already obtained in the SM, we can then get the parameter relation from Eq. (12) as deduced in Ref.
[17]
3 Calculation (7)]. All the relevant Feynman rules can be found in Ref.
[17] and the Appendix in this paper. In the loop diagram calculation of this subprocess,
we adopt a dimensional regularization scheme. The Feynman diagrams for the subprocess Fig. 2 . In this work we adopted the Feynman-'t Hooft gauge.
In our calculation, we denote the two subprocesses as
where c 
,
where 
The amplitude for the subprocess gg → H 0 H 0 can be expressed as
, and M (q) represent the amplitudes of triangle, box, and quartic diagrams, respectively.
For the subprocess bb → H 0 H 0 , the amplitude can be expressed as
In the above two equations f i (i = 1, ..., 5) and g j (j = 1, 2) are the form factors of the two subprocesses, respectively. Since the explicit expressions of these form factors are lengthy, we do not list them in this paper. 2 Then the total cross sections for these two subprocesses can be written aŝ
respectively, where the bar over the summation recalls averaging over initial spins and 
where √ s and √ŝ denote the pp and gg (or bb) c.m.s. energies, respectively, and dL ij /dτ is the luminosity of colliding partons, which is defined as
In our calculation we adopt the CTEQ6 parton distribution function [18] and take the factorization scale µ to be 2m H 0 in the subprocess gg → H 0 H 0 , while µ to be m H 0 /2 in the calculation of the subprocess bb → H 0 H 0 [19] . The numerical calculation is carried out for the LHC at an energy of 14 TeV.
Numerical results and discussions
In the numerical evolution we take the input parameters as m W = 80. 
where α s (m Z ) = 0.118 and n f is the number of active flavors at scale µ [20].
In the numerical calculation, we use the next-to-leading order formula to evaluate the running mass of bottom quark m b (Q) [21] .
.25 GeV and the energy scale Q is taken to be 2m H 0 in our calculation. The evolution factor U f (f = 5, 6) is 
The are depicted in Fig.3(a) , with the parameters taken as f = 3.5 TeV and m H 0 = 150 GeV.
In both figures, the solid line, dashed line and dotted line correspond to λ 1 /λ 2 = 1/2, λ 1 /λ 2 = 1, and λ 1 /λ 2 = 2, respectively. From Eq. (12)- (14) we can get that those curves correspond to m T = 6.28 TeV, 5 TeV, and 6.28 TeV, separately. All the curves in Fig.   3 (a) have the common line structure which decreases rapidly in the vicinity of the Higgs boson pair production threshold with an increment of √ŝ , and then increases steadily after arriving at its minimal value. The curves also obviously show that with an increase of the value of λ 1 /λ 2 , the effect of the LH model is getting stronger.
In order to clarify the line shape in Fig. 3(a) more clearly, we present the cross sections in the LH model (σ LH ), the SM (σ SM ), and the difference between them (σ LH −σ SM ) for the subprocess gg → H 0 H 0 as functions of √ŝ with m H 0 = 150 GeV, f = 3.5 TeV, λ 1 /λ 2 = 1, and x = 0 in Fig. 3(b) and Table 1 . The solid line, dashed line and dotted line in Fig. 3(b) correspond toσ SM ,σ LH , andσ LH −σ SM , respectively. We can see from Fig. 3(b) that in the √ŝ region from 310 GeV to 500 GeV the curve forσ SM rises up steeply, while theσ LH −σ SM changes gently, which can be also read from Table 1 . Fig. 3(b) and Table. 1 show that the polelike behavior of the c.m.s. energy around √ŝ ∼ 400-500 GeV in Fig. 3(a) , comes from the fact that the cross section(σ SM ) rises up steeply when √ŝ is just beyond the threshold energy and decreases gently afterσ SM reaches its maximal value √ŝ ∼ 500 GeV, while the variation ofσ LH −σ SM is relatively slow in our plotted energy range.
The dependence of the ratioσ LH /σ SM of the subprocess gg → H 0 H 0 on the parameter x with m H 0 = 150 GeV and √ŝ = 800 GeV, is depicted in Fig. 4(a) . The solid line, dashed line and dotted line correspond to λ 1 /λ 2 = 1/2, λ 1 /λ 2 = 1, and λ 1 /λ 2 = 2, respectively. effect of the LH model is not sensitive to x in the range of x 0.8, but their values increase rapidly and can be larger than 1.1 when x > 0.85 for all three curves. To explain the result that the correction blows up as we take the x → 1 limit shown in Fig. 4(a) , we decompose the cross sections of subprocess gg → H 0 H 0 in the LH model into three parts:
where we denoteσ box ,σ tri , andσ int as the contribution parts from the box diagrams[including quartic diagrams, shown in Fig. 1(2) , 1(3), 1(5), 1 (7)], the triangle diagrams[shown in Fig.   1 (1), 1(4)] and the interference between the box and triangle diagrams respectively. In 
We can see that the contribution of the triangle Feynman diagrams is s-channel suppressed and is relative small, due to the heavy Φ 0 and √ŝ = 800 GeV >> m H 0 . The figure shows that the contribution from the interference between the box diagrams and triangle diagrams is negative and blows up quickly when we take the x → 1 limit. We also find that the dependence of the product of g H 0 H 0 H 0 and g H 0t t on the parameter x behaves with the same rapid increment when x is close to 1. Therefore, we can conclude that the quick enhancement behavior of the total cross section in the vicinity where x → 1 arises mainly from contributions of the interference between the triangle diagrams involving the g H 0 H 0 H 0 vertex and the box diagrams involving the g h 0t t coupling. As we know, perturbativity alone should put some bounds on the range that x should be allowed to vary. But with these limitations some couplings in the original Higgs potential must behave badly. Since we started with a relatively will-behaved Higgs potential, it is clear that x → 1 cannot be a very well-defined limit and should not be considered as a physical limit. In other words,the original Higgs potential is an effective potential result of integrating out the heavy states.
Although it cannot give definitive limitations, the size of all Higgs potential parameters should be roughly order 1 theoretically. We depict the relations between x (or g HHH ) and
the absolute values of original Higgs potential parameters λ φ 2 , λ hφh , λ h 4 , and λ hφφh [see Eq. (10) is relatively small or λ 1 /λ 2 is relatively larger.
In conclusion, we investigated the effect of the LH model on the pair production process of neutral Higgs bosons via both gluon and bottom fusions at the LHC. The numerical analysis shows that with the possible parameters, the relative cross section correction to the SM prediction may reach a value of 24% at the LHC when x = 0.95. We conclude that when the parameter x has a value above 0.8, the relative correction contributed by the LH model reached a value beyond 8% and could be observable at the LHC.
The expressions of other couplings concerned with in this work can be found in Ref. [17] .
In the LH model, the trilinear interaction of Higgs bosons g H 0 H 0 H 0 gets a correction to the SM at the order of v 2 /f 2 , and an additional H 0 H 0 Φ 0 coupling is generated. They are given by the Lagrangians
From the above Lagrangians we obtain the Feynman rule for
[15] C. 
